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MEASURING AND EVALUATING SAFETY MATURITY OF CONSTRUCTION 
CONTRACTORS: A MULTICRITERIA DECISION-MAKING APPROACH 
Ali Karakhan1; Sathyanarayanan Rajendran2; John Gambatese3; and Chukwuma Nnaji4 
Abstract: Evaluating safety maturity of construction contractors before awarding the contract is 
an effective strategy that many owners have started to implement. Given the importance of 
workplace safety, awarding the contract to safer contractors can enhance project performance 
outcomes in terms of safety, quality, cost, and schedule. Safety maturity is one quality of a 
construction organization encompassing interdependent factors that can be used to evaluate 
expected safety performance. However, there is no formal decision-making framework available 
in literature that owners can use to evaluate contractor safety maturity. The present study aims to 
bridge this gap in safety knowledge by proposing a decision-making framework that can be 
utilized to evaluate safety maturity of construction contractors. The development of the 
decision-making framework included two tasks. First, an integrative literature review to identify 
influential safety maturity factors and their potential indicators was performed. The result of the 
review revealed seven factors (safety leading indicators, safety lagging indicators, safety and 
supervisory personnel, system maturity and resiliency, pre-construction services, technology and 
innovation, and safety culture) that influence safety maturity of construction contractors. Second, 
the identified factors, and their indicators, were integrated into a formal multicriteria 
decision-making method, referred to as Choosing by Advantages (CBA), to evaluate the safety 
maturity of five construction contractors on a selected case study project. The proposed framework 
is expected to provide practical and theoretical directions on how to evaluate contractor safety 
maturity using relevant evaluation factors and sound decision-making methods.  
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Introduction  
Construction safety in the United States (US) remains a source of concern to construction 
stakeholders. Due to the often disjointed, complex, and fragmented nature of construction 
operations, the construction industry has been one of the most hazardous industries in the US in 
terms of the number of occupational fatal and non-fatal injuries. The construction industry often 
incurs fatal injuries at a disproportionate rate when compared with other industries. In 2015, the 
construction industry experienced the highest number of occupational fatal injuries (937 fatalities) 
and the fourth highest fatal injury rate (10.1 fatalities per 100,000 full-time equivalent workers) 
among US industries (BLS, 2016). Along with human suffering, significant economic and social 
consequences are associated with the occurrence of construction accidents.  
Many parties have significant control of and/or influence on construction worker safety 
and health. A number of studies identify the owner’s commitment to safety as one of the most 
effective means to ensure a high level of safety during construction (Gambatese, 2000a; Hinze, 
2006; Huang & Hinze, 2006a; Toole, 2002). Facility owners can select construction contractors 
who demonstrate a record of safety excellence (Toole et al., 2016) or demand that design 
professionals address worker safety in the project design (Tymvios & Gambatese, 2016). 
Similarly, facility owners can mandate the inclusion of safety requirements in construction 
contracts (Gambatese, 2000a; Halowell et al., 2013). Notably, selection of contractors based, in 
part, on safety is one of the major strategies that project owners can implement to improve project 
safety performance (Gambatese, 2000a; Hinze, 2006; Huang & Hinze, 2006a).  
Point of Departure 
Given the significant role that project owners can play with respect to influencing safety, previous 
research has emphasized owner commitment and involvement in safety. Levitt et al. (1981), as cited 
in Huang and Hinze (2006a), observed that facility owners who consider safety performance 
indicators in the construction contractor selection criteria typically encounter fewer construction 
incidents on their projects than those who do not place similar emphasis on evaluating contractor 
safety during the process of awarding construction contracts. In a similar effort, Huang and Hinze 
(2006a) performed statistical analysis on data collected from 81 interviews with facility owners. The 
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researchers found that placing a high emphasis on safety performance indicators when selecting a 
construction contractor is often associated with superior safety performance.  
Despite the consensus among industry stakeholders and academics that evaluating safety 
performance of construction contractors is a critical step before awarding the contract, there is no 
decision-making model or framework available, either in theory or practice, that project owners 
can use to evaluate safety maturity of potential contractors. In fact, owners were typically 
perceived to lack the necessary in-house expertise and resources to holistically evaluate the safety 
maturity of potential contractors using a comprehensive approach that relies on evaluating all 
potential safety factors and indicators (Tymvios & Gambatese, 2016). The development of such a 
model or framework that includes a systematic evaluation of all potential factors influencing safety 
performance of construction contractors would serve as an invaluable contribution to bridge this 
gap in safety knowledge. 
The objective of the present study is to develop a decision-making framework that can be 
used to evaluate contractor safety maturity before awarding the contract. Safety maturity is defined 
by the authors as a quality that represents the level of experience, responsibility, interdependence, 
and reliability within an organization and at different levels (project, team, and individual) with 
respect to occupational safety and health (OSH). It reflects the maturity of the organization, the 
resiliency of the production system, and the competence of the workforce. Accordingly, safety 
maturity should be ideally measured by the level of the overall maturity (organizational, system, 
and behavioral), as opposed to sole reliance on evaluating the maturity of the safety management 
system (Foster & Hoult, 2013). That is, safety maturity is not equivalent to the maturity of the 
safety management system although they are interconnected. Development of the decision-making 
framework includes two tasks: (1) the identification of influential factors and indicators that 
influence contractor safety performance during construction (i.e., safety maturity factors and 
indicators), and (2) a practical demonstration of how owner representatives and practitioners in the 
field can integrate the identified safety maturity factors and indicators into a decision-making 
method to evaluate safety maturity of construction contractors. Given its properties (outlined 
below) which are proven to be preferable over other multiple-criteria decision analysis (MCDA) 
methods (Arroyo et al., 2014; Suhr, 1999), the researchers selected the Choosing by Advantages 
(CBA) system as a quantifiable decision-making tool to evaluate safety maturity of construction 
contractors. 
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Choosing by Advantages (CBA) Decision-Making System   
CBA is a decision-making tool and lean method used in multiple fields to make sound decisions 
about the selection of an optimal alternative among a list of alternatives with respect to different 
selection factors. Previous research indicated that employing CBA in construction-related decisions 
is proven to be an effective method to achieve congruent and sound decision-making (Arroyo et al., 
2014, 2016). With respect to construction, CBA has been implemented in the selection of green 
roofs (Grante & Jones, 2008), damping walls (Nguyen et al., 2009), rebar terminators in steel 
reinforcement design (Parrish & Tommelein, 2009), superstructure and conceptual designs (Lee et 
al., 2010; Kpamma et al., 2015), sustainable building materials (Arroyo, 2014), pre-construction 
designs (Abraham et al., 2013), sustainable design choices (Arroyo et al., 2014), window types 
(Kpamma et al., 2016), heating, ventilation, and air-conditioning (HVAC) systems for a net zero 
energy facility (Arroyo et al., 2016), fall-protection safety measures (Karakhan et al., 2016), 
concrete type (Mollo & Emuze, 2017), and other construction-related materials and operations.  
CBA has a number of advantages over other MCDA methods that can enable 
decision-makers to achieve desirable outcomes. One notable advantage is that the CBA steps 
(described below) can help decision-makers to establish a transparent and collaborative environment 
during the selection process (Kpamma et al., 2015; Suhr, 1999). A positive decision-making 
environment during the process of evaluating potential construction contractors is crucial toward 
achieving sound decisions. In addition, the CBA process can facilitate and expedite the process of 
reaching consensus among decision-makers by deferring subjective judgements to the last 
responsible moment until the optimal trade-offs among important factors are entirely perceived 
(Arroyo et al., 2014). Basing the evaluation procedure only on the importance of positive attributes 
of alternatives (e.g., weighting advantages of alternatives) that can bring value to decision-makers, 
rather than evaluating both advantages and disadvantages of alternatives, is a critical factor behind 
the success of CBA. Evaluating both advantages and disadvantages of alternatives leads to 
double-counting (Suhr, 1999). Focusing only on value-added activities is what matters to 
decision-makers, and, therefore, the CBA approach is preferred over other MCDA methods when 
evaluating potential alternatives (Suhr, 1999). To clarify how double-counting can impact the 
decision-making process, one can consider that an evaluation is being performed to decide between 
two alternatives. Identifying that the first alternative possesses greater significant attributes than the 
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second alternative with regard to a certain criterion directly implies that the second alternative 
possesses less significant attributes with regard to that particular criterion. However, if both the 
advantages and disadvantages were evaluated and assigned a level of importance, the 
decision-makers may encounter the issue of double-counting the importance level of the first 
alternative, i.e., aggregating both the advantage of the first alternative and the disadvantage of the 
second alternative. Finally, CBA does not assume linear trade-offs between factors as other MCDA 
methods may assume (Arroyo et al., 2014). Linear trade-offs are oftentimes unrealistic in real-life 
construction decision-making problems (Arroyo et al., 2014).   
Evaluating potential alternatives using sound decision-making methods and a 
comprehensive list of factors and evaluation criteria reveals accurate decisions and, accordingly, 
leads to effective and proactive actions. Such actions can eventually influence project performance 
outcomes in a positive manner.  
Research Methodology: Integrative Literature Review to Identify Safety Maturity Factors 
and Indicators   
A factor is a component of a decision used to assess the quality and performance of an alternative or a 
list of potential alternatives (Suhr, 1999). A factor consists of multiple interdependent characteristics 
that can be evaluated in multiple ways to quantify the quality and performance of an alternative, or a 
list of alternatives, with respect to the factor of interest. One way to evaluate a factor is by identifying 
relevant indicators and quantifying their level of effectiveness. An indicator is defined as an 
observable and quantifiable characteristic that can be used to evaluate the extent to which the quality 
or performance with respect to a specific factor is satisfied. For instance, safety climate is an indicator 
of the state of safety culture within an organization (Choudhry et al., 2007; Cooper, 2000; Teo & Feng, 
2009). In turn, the state of the safety culture is an influential factor of the level of contractor safety 
maturity.   
To achieve the specified objective of this study, potential factors and indicators that 
influence contractor safety maturity should be identified. Due to the availability of extensive 
literature about safety management, the researchers decided to rely on archival literature to 
identify safety maturity factors and indicators. The type of literature review selected for this study 
was an integrative review ― a form of research method that involves reviewing and synthesizing 
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representative and relevant literature on a topic in an integrated way to generate a conceptual 
model or identify influential factors (Torraco, 2005) ― which included the following tasks. First, a 
Google Scholar search using keywords (e.g., measure safety performance, evaluate safety 
maturity, etc.) was performed to identify relevant research papers. Relevant papers from other 
academic search engines such as the ASCE online library and Science Direct were also identified. 
The reason to extend the identification of papers beyond Google Scholar was to reduce potential 
selection bias resulting from reliance on one search engine. Second, specific parts of each paper 
(title, abstract, keywords, headings and sub-headings, figures, and tables) were screened to 
confirm whether the topic of the identified paper was relevant, or not, to the present study. If the 
paper was found to be relevant, a more detailed examination of the content was performed in an 
effort to identify potential factors and indicators that have been reported to influence contractor 
safety performance. Such an influence can be any logical association, statistical correlation, causal 
relationship, or other type of connection between safety conditions (or outcomes) and the methods, 
strategies, practices, approaches, procedures, and resources used during, before, and after the start 
of work operations. If this type of connection was observed, then the paper was included in the 
review. Otherwise, the paper was disregarded and excluded from the review. Third, the researchers 
thoroughly read the relevant parts of each included paper and carefully examined the content for 
identification of factors and indicators that have been reported to influence safety performance 
during construction. Given the many papers describing safety studies that are available in 
literature, reading in detail all and every single research paper relevant to the topic of interest is 
impractical. Instead, it is recommended that only relevant parts or summaries (e.g., abstract) of 
identified papers be reviewed (Hampton & Parker, 2011). Fourth, at this point of the review 
process, the researchers decided whether to include or exclude the identified factors and indicators 
depending on applicability to the present study, relevance to the topic, practicality of assessment, 
and frequency of occurrence in literature. Accordingly, indicators, such as a company newsletter 
promoting safety (Vecchio-Sadus & Griffiths, 2004), that were reported in literature with a low 
frequency (i.e., one or two times) were excluded from the model as factors and indicators 
influencing safety conditions and outcomes. Finally, similar indicators were grouped into the same 
factors. For example, pre-project planning, value engineering, and constructability reviews were 
grouped under one factor named “Pre-Construction Services”.  
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The abovementioned integrative review and its process led to the identification of seven 
interdependent factors (described below) that can be used to assess the level of safety maturity of 
construction contractors. Based on the Bradley curve (DuPont, 2017), interdependent safety effort 
is the most reliable method to achieve a “world-class safety performance” (i.e., high level of safety 
maturity). Accordingly, the identified interdependent safety maturity factors and their indicators 
are considered effective measures to assess contractor safety maturity. Table 1 summarizes the 
safety maturity factors and indicators as reported in the literature. The values in parenthesis in the 
middle column of Table 1 indicate the number of studies that reported the importance of each 
indicator in evaluating contractor safety maturity. The references in the right column of the table 
support the inclusion of the factors in evaluating contractor safety maturity either directly or 
through one or more of the indicators.  
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Table 1: Safety Maturity Factors and Indicators  
Factor  Potential Indicators (Frequency) Supporting Literature   
F1: Safety 
leading 
indicators 
Jobsite safety audits (10), safety training 
(9), pre-task hazard analysis (7), 
substance abuse programs (4), safety 
incentive programs (4), toolbox 
meetings (4), etc.  
Awolusi & Marks (2016); Choudhry et al. (2007); Hallowell et al. 
(2013); Hinze (2006); Hinze et al. (2013); Huang & Hinze (2006a, 
2006b); Jaselskis et al. (1996); Jazayeri & Dabi (2017); Lingard et 
al. (2013); Manuele (2009); Molenaar et al. (2009); Namian et al. 
(2016); Rajendran (2006); Rajendran (2012); Salas & Hallowell 
(2016); Hallowell et al. (2013); Shea et al. (2016); Sheehan et al. 
(2016); SmartMarket Rep. (2016); Spear (2013); Toellner (2001); 
Vecchio-Sadus & Griffiths (2004); Wachter (2014) 
F2: Safety 
lagging 
indicators 
Recordable injury rate (10), lost time 
injury rate (9), experience modification 
rate (8), OSHA citations and fines (4), 
etc.  
F3: Safety and 
supervisory 
personnel 
Staffing for safety (10), management 
commitment and supervisory leadership 
(8), qualification and education (6), time 
commitment (5), years of experience 
and personal competency (5), etc.  
ASSE (2017); Choudhry et al. (2007); Esmaeili & Hallowell 
(2011); Fung et al. (2005); Hallowell et al. (2013); Hinze (2001); 
Hinze (2006); Huang & Hinze (2006a, 2006b); Jaselskis et al. 
(1996); Lingard et al. (2013); Mohamed (2002, 2003); Sawacha et 
al. (1999); Shapira & Simcha (2009); Shea et al. (2016); Sheehan 
et al. (2016); Tam et al. (2004); Teo & Feng (2009); 
Vecchio-Sadus & Griffiths (2004) 
F4: System 
maturity and 
resiliency  
Safety management system (7), work 
quality or quality management system 
(6), quality/cost control and monitoring 
(5), reporting and documentation system 
(4), project delivery method (3), 
contractual arrangement (3), etc. 
Behm et al. (2014); Cadieux et al. (2006); Choudhry et al. (2007); 
Jazayeri & Dabi (2017); Hinze (2006); Huang & Hinze (2000a, 
2006b); Loushine et al. (2006); Lin & Mills (2001); Lingard et al. 
(2013); Liu et al. (2017); Love & Teo (2017); Love et al. (2016); 
Manuele (2003); Ng et al. (2005); Rajendran (2006); Rajendran et 
al. (2012); Salas & Hallowell (2016); Shea et al. (2016); Tam et al. 
(2004); Teo & Feng (2009); Teo & Love (2017); Wanberg et al. 
(2013)  
F5: 
Pre-construction 
services  
Pre-project planning (7), value 
engineering and constructability design 
reviews (6), site logistics and layout 
plans (3), off-site fabrication (3); etc.  
Gambatese (2000a, 2000b); Gambatese et al. (2007); Hare et al. 
(2006); Hinze (2006); Huang & Hinze (2000a); Jarrell (2014); 
Rajendran (2006); Russell et al. (1994a); Russell et al. (1994b); 
Sulankivi et al. (2009); Toole & Gambatese (2008);  Wanberg et 
al. (2013); Whitman (2014) 
F6: Technology 
and innovation 
Technology: virtual reality modelling 
(5), building information modelling (5), 
3D/4D computer aided design (4), 
mobile eye-tracking (3), etc. 
Alomari et al. (2017); Bhoir et al. (2015); Ganah & John (2015); 
Hasanzadeh et al. (2017); Perlman et al. (2014); Rajendran & 
Clarke (2011); Shen & Marks (2015); SmartMarket Rep. (2016); 
Sulankivi et al. (2009); Tam et al. (2004) 
 Innovation: lean practices (4), green 
materials (4), high-performance designs 
(4), sustainable solutions (4), etc. 
Antillon et al. (2010); Awolusi et al. (2018); Behm & Hock (2012); 
Behm et al. (2017); Gambatese et al. (2016); NIOSH (2011); 
Nahmens & Ikuma (2011); SmartMarket Rep. (2013, 2016) 
F7: Safety 
Culture  
Worker involvement in 
decision-making (9), teamwork and 
communication (8), safety climate (8), 
owner involvement in safety (6), 
organizational commitment to safety 
(4), work environment (3), etc.  
Aksorn & Hadikusumo (2008); Chinda & Mohamed (2008); 
Choudhry et al. (2007); Cooper (2000); Fung et al. (2005); 
Gambatese (2000a); Gao et al. (2016); Hallowell et al. (2013); 
Hinze (2006); Huang & Hinze (2000a, 2006b); Lingard et al. 
(2013); Mohamed (2002, 2003); Molenaar et al. (2009); Sawacha 
et al. (1999); Shea et al. (2016); SmartMarket Rep. (2016); Teo & 
Feng (2009); Toole (2002); Vecchio-Sadus & Griffiths (2004); 
Zahoor et al. (2017) 
 
Safety Leading Indicators 
It is widely agreed among safety professionals that leading indicators of safety are an effective 
means to evaluate contractor safety performance. Safety leading indicators are proactive, 
pre-incident measurements consisting of multiple levels of safety protections carried out before the 
start of (or during) the construction phase, at both the organization and project levels. One drawback 
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of leading indicators is that they do not necessarily eliminate workplace hazards. That is, many 
safety practices that are considered leading indicators are aimed at improving worker behaviors or 
enhancing hazard recognition abilities so that unsafe acts are minimized, as opposed to eliminating 
hazardous conditions present in the workplace. However, safety leading indicators can still prevent 
workplace accidents and their presence is essential in order to establish an effective safety plan 
(Hinze et al., 2013). Previous studies repeatedly confirmed the importance of assessing safety 
leading indicators in predicting safety performance of construction contractors. Awolusi and Marks 
(2016) indicated that using behavioral sampling techniques and observing workers while they are 
engaged in a work operation is an effective measure of workplace safety performance. Relatedly, 
Namian et al. (2016) concluded, based on empirical data collected from 51 construction projects in 
the US, that effective training (e.g., high-engagement training) can significantly improve the hazard 
recognition ability of construction workers. Such recognition is considered an essential first step to 
mitigating workplace hazards (Perlman et al., 2014). A previous study that involved the analysis of 
51 construction projects in the US and Canada demonstrated that the amount of safety training given 
to workers on a particular project is statistically associated with lower injury rates (Huang & Hinze, 
2006a). The same study (Huang & Hinze, 2006a) also found that requiring field personnel to pass a 
drug test has a positive impact on safety performance during construction. 
Safety Lagging Indicators 
Unlike safety leading indicators, lagging indicators of safety are reactive measures and cannot be 
used to prevent incidents or predict future safety performance of construction contractors (Manuele, 
2009). That is, safety lagging indicators are retrospective measures of safety performance by which 
the assessment is linked to the outcome of an incident after the fact (Toellner, 2001) that some level 
of suffering and/or economic loss have already been incurred at both individual and organizational 
levels. In addition, lagging indicators do not provide a reasoning of why such an incident has 
occurred or what the preconditions that led to the occurrence of a particular incident are and, 
therefore, may not accurately reflect the severity level of injuries (Toellner, 2001). Accordingly, the 
value of safety lagging indicators remains questionable by many OSH professionals (Manuele, 
2009). However, safety lagging indicators are still effective when, for example, assessing long-term 
safety performance, comparing safety performance of two or more projects/contractors within the 
same industry division, evaluating current safety performance with regard to past performances, or 
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even assessing safety performance of the entire industry. Additional benefit of the use of safety 
lagging indicators is that they are objective, quantifiable in nature, and easily measured indicators 
(Wachter, 2014). Importantly, leading and lagging indicators of safety are supplementary to each 
other and should both be used, in a balanced manner, to evaluate contractor safety performance 
(Manuele, 2009; Wachter, 2014).  
Safety and Supervisory Personnel 
While Occupational Safety and Health Administration (OSHA) regulations require employers to 
provide their employees with safe and healthy work conditions, employees have the responsibility to 
be vigilant of any potential safety hazards. Many construction stakeholders argue that safety is the 
responsibility of everyone on the jobsite (i.e., all workers are safety personnel). In this regard, 
certified OSH professionals and construction superintendents are the most impactful personnel 
when it comes to influencing worker behavior in a workplace (Hinze, 2006). Certified OSH 
professionals are defined as those competent individuals with the capability, education, experience, 
and skills to identify patent and latent hazards in a workplace (BCSP, 2017). Importantly, safety and 
supervisory personnel (SSP) should have the authority to stop the work whenever deemed 
necessary. Rajendran et al. (2012) attributed the significant reduction of fatal and non-fatal 
workplace injuries in construction over the past three decades, in part, to the role of OSH 
professionals. In a similar manner, project superintendents ― those who supervise and manage 
day-to-day construction operations and lead the construction workforce in the workplace ― can 
equally play an important role toward ensuring a high level of workplace safety (Perlman et al., 
2014; Hinze, 2006) in addition to managing work schedule, construction cost, work quality, and 
workplace/labor relations. Safety accountability is often perceived as the contractor’s responsibility 
― particularly, middle managers such as project superintendents (Hinze, 2006). Hinze (2006) 
observed that when an OSH professional is not fully dedicated to a project, it is standard practice to 
assign the responsibility of safety to superintendents who are often regarded as the second-most 
competent employee to oversee workplace safety efforts.  
 Because safety and supervisory personnel are of vital importance to ensuring safe work 
operations, previous research suggested that personnel qualifications of middle management (e.g., 
OSH professionals) be advanced and their time commitment to the safety effort be increased. Huang 
and Hinze (2006a) found that hiring a full-time representative to oversee the safety effort leads to 
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superior safety performance. As such, Hinze (2001) called for increasing the number of staff 
dedicated to safety as the overall number of workers in a project increases. Based on the 
aforementioned discussion and review of literature (Adam et al., 2004; ASSE, 2017), the following 
indicators can be considered critical when evaluating the competency of frontline safety supervisors: 
(1) years of construction/safety experience in the field, (2) education and certification qualifications, 
and (3) time commitment to the project (ASSE, 2017); other potential indicators of the competency 
and capability of the safety staff are summarized in Table 1.  
System Maturity and Resiliency  
Highly competent contractors with a mature and high-standard production system are desired from 
multiple perspectives. Their ability to safely deliver projects on schedule, within budget, and in 
compliance with high-quality standards is highly regarded. A safety management system including 
its essential components (e.g., incident reporting and investigation) is one potential indicator of the 
level of system maturity and resiliency. Work quality is another potential indicator of the level of 
system maturity and resiliency. Typically, continuous improvement of work quality and workplace 
safety is a top priority for facility owners and building developers, especially in response to the 
increasing number of lawsuits against project owners brought about by injured workers or their 
families (Huang & Hinze, 2006a). Several studies have found an apparent alignment between safety 
and quality management systems (Love et al., 2016; Rajendran et al., 2012; Teo and Love, 2017). 
Safety incidents are major deviations from the safety plan and can be considered a defect of the 
entire system. Manuele (2003) argued that safety and quality could be used interchangeably in many 
contexts. Wanberg et al. (2013) further added that safety and quality management systems are 
oftentimes identical in terms of structure and content. This similarity means that performing quality 
inspections and safety audit can be performed analogously, perhaps by OSH professionals 
(Rajendran et al., 2012). Rajendran et al. (2012) point out that many employers have already started 
to assign quality management responsibilities to safety departments and vice versa.  
By adopting and implementing a formal quality management system (e.g., ISO 9001), a 
substantial reduction in construction defects, warranty callbacks, and amount of rework can be 
achieved (Love et al., 2016; Rajendran et al., 2012), influencing project cost and schedule positively. 
Moreover, a high quality work environment generates a culture and mindset of continuous 
improvement among field personnel. This positive mindset can be employed in many directions, 
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including construction site safety, to improve project performance outcomes. In addition, a continuous 
improvement mentality provides a rewarding environment to those who have a desire for a high level 
of professionalism and motivates workers to behave in a positive and safe manner. Taking into 
account that unsafe acts of people are one of the primary reasons behind construction accidents, 
improving worker behaviors is a key step toward achieving safe outcomes. Previous studies found 
positive statistical correlation between workplace injuries and quality defects (the amount of rework) 
(Love et al., 2016; Teo & Love, 2017; Wanberg et al., 2013). Based on this finding it can be argued 
that a construction contractor with a mature and resilient production system (e.g., effective quality and 
safety management system) is more likely to be successful in reducing workplace incidents.  
Pre-Construction Services 
Pre-construction services are practices used in the pre-construction planning stage before the start of 
construction to optimize the use of human resources and capital assets and to identify possible 
opportunities that can improve the viability and efficiency of a project. Pre-construction services entail 
preparing a risk management plan by performing value engineering and constructability reviews , 
preparing site logistics and layout plans, and conducting other critical activities aimed at maximizing 
customer satisfaction while minimizing potential cost overruns, schedule delays, and other potential 
construction risks. In particular, safety conditions are observed to be improved when effective 
pre-construction services are carried out throughout the planning and design phases (Whitman, 2014).  
One of the most effective pre-construction services is constructability reviews conducted 
before the start of construction. Constructability is “a project characteristic that reflects the ease with 
which a project can be built and the quality of its construction documents” (Gambatese et al., 2007). 
According to the Constructability Committee within the Construction Institute (CI) of the ASCE, 
constructability is the process of integrating “construction knowledge and experience in the 
planning, design, procurement, construction, operation, maintenance, and decommissioning phases 
of projects consistent with overall project objectives.” In an analysis of four case study projects, 
Russell et al. (1994a) observed that effective constructability reviews can facilitate the construction 
process and improve the quality of production while improving building aesthetics, shortening 
project schedule, and generating additional business value. With regard to safety, constructability 
efforts entail early involvement of construction experience to review construction processes from 
start to finish and to take advantage of potential opportunities to eliminate safety and quality 
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deficiencies. In addition, constructability reviews improve design feasibility so that the facility 
design can be constructed safely and in a timely manner. Producing designs with a high level of 
constructability can reduce the amount of rework and, thus, worker exposure to safety hazards 
(Russell et al., 1994a, 1994b; Wanberg et al., 2013).  
Another effective pre-construction service in order to maintain a safe work operation is early 
planning for site logistics and layout plans. Effective planning of site logistics and layout plans can 
maximize the use of space, allowing safe access for materials and project personnel into and out of the 
jobsite (Whitman, 2014). On a parallel track, developing a project work plan/schedule is critical 
toward achieving project goals, including worker safety. Safety data can be integrated into work 
schedule using software programs to adjust, say, the critical path activities and the sequence of 
performing these activities (Hare et al., 2006). The sequence and timing of constructing design 
elements can influence worker interactions with each other and possibly safety outcomes. For 
instance, a congested work environment can introduce substantial safety risk to construction workers 
(Esmaeili et al., 2015), especially in the presence of multiple working crews employed by different 
subcontractors. Gambatese and Alomari (2016) described the construction site as a system of elements 
with multiple connections between workers, activities, and design elements where each element has a 
potential to influence construction worker safety. An effective work schedule should include 
considerations for severe weather conditions, such as the use of prefabrication and modularization, to 
eliminate potential negative impacts of severe weather conditions on worker safety and health.   
Technology and Innovation 
The advancement of technology and identification of numerous innovative solutions have led to 
substantial progress in the construction industry, bringing about significant enhancement to 
construction projects in terms of safety, quality, cost, and schedule (Ozorhon & Oral, 2016). Previous 
research has identified numerous technologies (e.g., automation and visualization tools) and 
innovative solutions (e.g., green materials and innovative designs) that can be implemented during or 
before construction in order to enhance project performance outcomes, including construction safety.  
 With regard to the design and planning stage of construction projects, building design and 
construction professionals have started to incorporate virtual reality technologies into their projects to 
mitigate potential construction hazards and promote workplace safety. Virtual reality technologies used 
to visualize the physical and functional characteristics of construction facilities provide design and 
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construction professionals with the ability to identify potential issues in the design of the facility. Such 
ability is facilitated by the creation of versatile virtual reality models that can be collaboratively shared 
with different project teams. The rationale behind virtual reality models is that the project should be 
built “virtually” prior to building it “physically” so that potential obstacles are eliminated before the 
start of construction (Smith, 2007). The visualizing of a construction workplace can assist safety 
personnel in the process of identifying potential safety hazards that are not readily detectable in 
two-dimensional (2D) drawings (Shen & Marks, 2015). In fact, previous experimental studies indicated 
that even experienced construction professionals with many years of experience may not be able to 
identify a high percentage of construction hazards in a workplace using 2D drawings, but this 
percentage can be substantially upgraded when virtual reality models are utilized (Perlman et al., 2014). 
 The use of technology [e.g., Building Information Modeling (BIM)] is also found to improve 
communication and collaboration among workers and between different teams (Alomari et al., 2017). 
The use of multi-directional communication (e.g., digital 4D models facilitated by mobile BIM units 
in the workplace) is found to be of significance usefulness during construction (Ganah & John, 2015) 
because it can facilitate information exchange among project teams in a high-quality and efficient 
manner (Ganah & John, 2015). Effective communication improves workplace safety. For instance, 
automatic clash detection using virtual simulation modelling can spontaneously inform project teams 
about identified clashes and the need to eliminate them, leading to substantial reduction in the amount 
of rework associated with construction operations. Eliminating rework can reduce worker exposure to 
safety hazards and lead to improved safety outcomes.   
Value generation facilitated by the incorporation of lean thinking into the design and 
construction processes is a form of innovation that can be used to enhance workplace safety. Research 
has consistently confirmed the synergies between lean thinking and safety management (Antillon et 
al., 2010; Gambatese et al., 2016). Lean thinking is a production management-based approach aimed 
at maximizing value generation and minimizing non-value activities (i.e., waste) through the reduction 
of process variability, improvement of workflow stability, enhancement of team communication, and 
desire to continuously improve work conditions and process reliability. The result of a recent survey 
distributed to industry professionals indicates that a majority of the study participants stated that 
adopting lean thinking practices influence workplace safety conditions positively (Gambatese et al., 
2016). As construction contractors adopt more technologies and innovative practices, the potential for 
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improving workplace conditions increases, demonstrating a distinguished maturity in terms of safety 
and non-safety outcomes.   
Safety Culture  
Safety culture is a property reflecting personal (e.g., values and attitudes), behavioral (e.g., 
competencies and patterns of behaviors), and other features that represent the accumulated learning of 
a group of people in an organization and that determine organizational and individual commitment to 
safety (Cooper, 2000). The personal and behavioral features are desired when they are employed in 
such a way as to minimize exposure of members of the organization to hazardous situations. Safety 
culture extends beyond safety policies, practices, and procedures implemented in the workplace 
(SmartMarket Rep., 2016); safety culture is a subset of organizational culture that is believed to 
influence workplace safety conditions and outcomes (Cooper, 2000; Mohamed, 2003), productivity, 
work quality, work satisfaction, and work methods (Teo & Feng, 2009), either positively or 
negatively. Lingard et al. (2013) proposed a multi-level measurement model combining leading and 
lagging indicators along with safety culture indicators in order to evaluate safety and health 
performance in the construction industry. Lingard et al. argued that the state of safety culture 
“measured at one point in time statistically predicts the occurrence of accidents or injuries in a 
subsequent time period.” Accordingly, safety culture in the present study is considered an influential 
factor to determine the level of contractor safety maturity. Multiple indicators can be used to assess the 
state of safety culture within an organization, as shown in Table 1. Teo and Feng (2009) empirically 
examined the relationship between safety culture and safety climate as an indicator of the state of 
safety culture. The results of the study reveal that safety climate has significant influence on personal, 
behavioral, and other aspects of safety culture.  
Evaluating Safety Maturity: A Case Study 
Due to its previously stated advantages, the researchers propose the CBA system as a quantifiable 
decision-making tool to assess safety maturity of construction contractors. Using the seven 
identified factors and their indicators (shown in Table 1), a case study project on the Oregon State 
University (OSU) campus was selected and a CBA evaluation was performed to demonstrate the 
application of the proposed decision-making framework in evaluating contractor safety maturity. 
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In October 2013, OSU released a request for proposals (RFP) to invite potential construction 
contractors interested in providing construction manager/general contractor (CM/GC) services for 
the case study project, a three-story building for the School of Chemical, Biological, and 
Environmental Engineering (CBEE) at OSU. The footprint of the facility is distributed over 5,574 
square-meters (60,000 square-feet) with a total budget of $40 million. The facility includes research 
laboratories, teaching classrooms, administrative, staff, and faculty offices, and other spaces. The 
structure of the building is supported by five, 16-meter (52-foot) tall, free-standing concrete shear 
walls, engineered to withstand potential earthquakes and wind loads. Large windows and 
floor-to-ceiling glass walls are incorporated into the design to maximize the use of natural lighting 
throughout the building’s interior (OSU, 2016).  
The RFP included information about the contractor selection criteria, the project 
specifications, requirements, and scope of work. Submitted proposals were required to conform to 
the requirements mentioned in the RFP, including the submission of specific documentation to 
address thirteen evaluation criteria established by the owner. The thirteen evaluation criteria were: 
firm background (10 points), qualification of key personnel (25 points), firm’s experience in the 
Pacific Northwest (10 points), construction manager/general contractor (CM/GC) role (20 points), 
cost control (10 points), project management techniques (10 points), workforce diversity plan (15 
points), proposed work/plan schedule (10 points), proposed site coordination/logistics (10 points), 
sustainability (5 points), safety (10 points), CM/GC fee (10 points), and pre-construction services (5 
points). Nine construction firms active in the Pacific Northwest region of the US responded to the 
RFP by submitting a proposal outlining their capability and competency to build the project and 
providing a detailed plan on how they plan to approach the project. A contractor selection committee 
consisting of four representatives of OSU departments evaluated the nine RFP submittals based on 
the selection criteria and their level of importance stated above. 
CBA Application to Evaluate Contractor Safety Maturity 
A step-by-step CBA evaluation of the safety maturity of construction contractors is described below.  
Step #1: Consider Potential Alternatives 
Initially, nine responses to the RFP were received by the owner. The selection committee representing 
the owner performed an evaluation analysis, referred to as weighting, rating, and calculating (WRC), 
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using the thirteen evaluation criteria mentioned above and created a shortlist of five of the firms which 
were then invited to attend an interview with the selection committee. For the purpose of this study, the 
five shortlisted proposals were considered the potential alternatives for this case study. 
Step #2: Identify Applicable Factors and Criteria 
An integrative literature review (previously described) led to the identification of seven safety maturity 
factors. These safety maturity factors and their indicators (shown in Table 1) were initially considered 
the evaluation factors for this case study example, but only applicable factors and indicators were used 
in the CBA application. That is, some factors and indicators such as safety culture indicators were 
excluded from the evaluation process given that the evaluation in this case is aimed at assessing 
contractor safety maturity before awarding the contract during which sparse information about safety 
culture is available. Similarly, other indicators, such as project delivery method and contractual 
arrangement, were also excluded from the evaluation process because they are predetermined in 
advance by the project owner and cannot be changed regardless to whom the contract is awarded. 
The evaluation criteria (decision rules or guidelines used to assess the level of effectiveness of 
potential indicators) were also identified in this step of the CBA process. Evaluation criteria within 
CBA are typically classified to either “want” or “must” criteria (Suhr, 1999). This classification is 
consistent with the viewpoint of the project owner in which criteria are regarded as either “preferred” 
or “needed” (OSU, 2016). For example, the criterion for the safety leading indicators (F1) is 
considered a want criterion, i.e., greater implementation of safety administrative controls is desired. 
This classification means that there is no specific threshold by which alternatives would be eliminated 
from the decision-making process with regard to this factor. By contrast, the researchers set thresholds 
for some of the safety lagging indicators (F2). Specifically, industry averages for both recordable 
injury rate (RIR) and experience modification rating (EMR) are used as the minimum criteria for this 
factor. Accordingly, any alternatives not satisfying these minimum thresholds should be eliminated 
from the decision-making process and considered as unqualified alternatives. The complete list of 
factors and their corresponding criteria are shown in the left column of Table 2. Criteria Cw1, for 
example, represents the number of safety leading indicators utilized by the contractor and is used to 
evaluate the safety leading indicators factor (F1). As indicated in the table, Cw1 is a want criterion (the 
implementation of more safety leading indicators is desired).       
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Step #3: Summarize Attributes of each Alternative  
The researchers obtained copies of the proposals from the owner for evaluation. The proposals 
contained detailed information about the capability and competency of the interested CM/GC firms 
and how each firm envisions the project and plans to proceed during the pre-construction, 
construction, and post-construction phases. The research team performed a systematic analysis of the 
five proposals in an effort to summarize potential attributes of each alternative and with respect to the 
applicable safety maturity factors. Table 2 summarizes the attributes of each alternative, as reported in 
the proposals.   
Step #4: Determine Advantages of each Alternative 
After summarizing the attributes of the alternatives, the advantages of each alternative were 
determined using the evaluation criteria discussed in Step #2. To determine the most advantageous 
attributes with respect to each factor, three tasks were performed as follows: (1) determine the least 
preferred attribute (shown in underlined font in Table 2) within each factor relying on the evaluation 
criteria; (2) determine the advantages of the remaining alternatives by measuring the difference of 
each attribute from the least preferred attribute; and finally (3) determine the most preferred attribute 
within each factor (shown in italics in Table 2).  
Step #5: Decide on the Importance of Advantages (IofAs) 
An advantage is a benefit gained from the more preferred alternative over the less preferred alternative 
corresponding to a particular factor (Suhr 2000). Quantification of the advantages is a vital task in the 
CBA process. Decision-makers should collaboratively decide on the importance of advantages 
(IofAs) so that the total importance (i.e., value-added) of each alternative is determined. The 
determination of the total importance of each alternative allows decision-makers to finalize the 
decision-making process by selecting the most value-generating alternative. For the purpose of this 
study, the researchers initially attempted to meet with the original decision-makers (the owner’s 
selection committee members) to perform this step of the CBA process. However, due to restrictions 
outside the control of the research team (e.g., some members of the selection committee no longer 
worked for the owner at the time of the study), a meeting with the selection committee was not 
possible. Instead, the research team ― based on their experience and education, and relying on the 
evaluation sheet produced by the selection committee ― decided on the IofAs. The evaluation sheet 
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produced by the selection committee representing the owner of the project was obtained from OSU 
and used as a reference throughout the process of the CBA evaluation, especially with respect to 
deciding on the IofAs. The fact that the research team members performed the CBA evaluation by 
themselves may limit generalizing the results of the evaluation beyond the selected case study. 
However, the primary objective of the selection of the case study was to demonstrate how to perform a 
step-by-step CBA evaluation of contractor safety maturity using the identified safety maturity factors 
and indicators, as opposed to extrapolating the results of the study to other similar projects. Moreover, 
the evaluation was anchored to relevant facts (the attributes obtained from the RFP submittals) and 
objective judgements (the weighting produced by the owner’s selection committee members). 
Basing evaluation on relevant facts and objective judgements minimizes potential bias and 
oftentimes reveals valid results (Suhr, 1999). 
 A major task in this step of the CBA process is to decide on the paramount advantage. The 
paramount advantage is the most value-adding advantage and is often assigned a value of 100 (Suhr, 
1999). The researchers selected the additional value that the use of technology and innovation of 
Company #2 generates over other advantages as the paramount advantage and, therefore, assigned to it 
a value of 100. This value represents the importance of this particular advantage over other 
advantages. Company #2 included in its proposal an effective plan to incorporate BIM throughout the 
planning and construction phases of the project in order to mitigate construction risks, such as 
improving design feasibility and detecting potential design errors. In addition, Company #2 included 
in its proposal multiple procedures (e.g., digital drawings facilitated by on-site electronic devices) that 
were planned to be performed during construction in order to improve buildability and worker safety. 
After this determination, the paramount advantage should be used as a point of reference to 
decide on the importance of the other advantages. Each remaining advantage should be compared 
with the paramount advantage, directly or indirectly, to decide on its level of importance to the 
decision-makers. The researchers selected the value that the use of technology and innovation of 
Company #1 generates over the least preferred attribute with respect to this factor (F6) as the second 
most important advantage and, accordingly, assigned an IofA of 92 to it. Company #1 proposed the 
use of virtual design and construction tools throughout the project to identify construction risks, 
especially in terms of safety. For example, a BIM manager was to be dedicated to the project during 
construction to help facilitate and communicate work plans and safety procedures to field personnel.  
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The value-added that the pre-construction services plans of Companies #3 and #1 generates 
were given a high level of importance (IofA = 80 and IofA = 72, respectively) as the plans involved 
multiple effective procedures to improve performance outcomes, including performing lifecycle 
design constructability reviews as well as preparing effective site logistics and layout plans. Any 
planning efforts, especially if related to safety, performed before the start of construction have greater 
influence than efforts carried out during construction in terms of minimizing construction safety risks 
and reducing the likelihood of injuries (Szymberski, 1997). Companies #3 and #1 explicitly expressed 
in their proposals that they intend to perform design-safety constructability reviews using visualization 
and technology tools, such as 4D modelling, to improve the quality of production in terms of safety 
and buildability. In its RFP submittal, Company #1 stated “[Our team] will work closely with [the 
designer] to make sure construction [operations] can be performed safely, based on the design 
documents. Our constructability reviews often uncover ways to increase safety that aren’t shown on 
the drawings.” Moreover, both firms expressed the intent to allocate a full-time pre-construction 
manager to the project to facilitate the pre-construction effort. Evaluation of the site logistics and 
layout plans were obtained from the owner’s assessment. These logistic elements can play a critical 
role in protecting the public and field personnel during construction, especially given that the project is 
located in a densely populated area on the university campus throughout the academic year.  
The added value that the level of system maturity and resiliency of Company #1 offers was 
then assigned the next level of importance (IofA = 66). Company #1 indicated in its RFP submittal that 
the project team plans to build mock-up models, whenever possible, to detect design deficiencies and 
eliminate potential risks prior to on-site assembly of building components. Building mock-up models 
provides substantial opportunities to improve functionality, constructability, feasibility, and durability 
of the project design prior to assembly, minimizing potential change orders and rework during 
construction.  
Using the same methodology, the research team assigned IofAs to the remainder of the 
advantages, as shown in Table 2. By summing up the IofAs of each alternative, the safety maturity 
score of each contractor is determined. The results indicate that Company #1 received the highest 
safety maturity score with a total IofAs of 386. The remaining alternatives received significantly 
lower IofAs, indicating lower levels of safety maturity. Such results are not final, however, because 
cost implications have yet to be implemented in the evaluation process. According to the CBA 
process, money differences are “abstractions,” not factors or advantages, and, therefore, should not 
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be mixed with factors and advantages when evaluating potential alternatives. Instead, a stand-alone 
money-based evaluation should be performed, as outlined in the next section. 
Step #6: Perform CBA Value-Cost Analysis 
CBA value-cost analysis should be typically performed as the last step of the CBA process before 
selecting the most preferred alternative. When the costs of the alternatives are equal, the alternative 
with the greatest total IofAs should be selected. Otherwise, the CBA concepts for money 
decision-making need to be applied. Table 3 summarizes the safety maturity score and expected total 
cost of each company. In this case, Company #1 has both the greatest safety maturity score (IofAs = 
386) and the least approximate cost (total CM/GC fee = $820,000), making it the most preferred 
alternative in this particular example.  
Table 3: Value-cost assessment analysis 
 
Alternatives 
Company/ 
Proposal #1 
Company/ 
Proposal #2 
Company/ 
Proposal #3 
Company/ 
Proposal #4 
Company/ 
Proposal 
#5 
Contractor safety maturity 
(CBA evaluation) 
386 220 100 80 113 
Contractor overall maturity 
(OSU evaluation) 
2,310 2,030 2,145 1,913 1,888 
CM/GC fee (% of estimated 
cost of the project) 
1.95% 3.50% 2.45% 2.88% 2.50% 
Pre-construction cost of 
CM/GC services* 
$40,000 $51,000 $37,500 $74,880 $25,000 
Approximate total CM/GC fee $820,000 $1,451,000 $1,017,500 $1,226,880 1,025,000 
           * Note: The cost of the project is assumed to be $40 million―the budget OSU dedicated for the project  
Discussion of CBA Evaluation Results 
Based on the CBA evaluation, Company #1 is the most preferred alternative that both possesses the 
greatest safety maturity score and is the most cost-effective alternative. Rationally, this finding is 
expected; that is, proactive contractors who have a high level of safety maturity are expected to be 
more competitive and typically encounter less negative outcomes (e.g., rework and schedule delays) 
during construction than those who have lower levels of safety maturity. Based on an independent 
study, Ikpe et al. (2012) concluded that the benefits associated with proactive safety programs are three 
times greater than their initial costs in terms of safety and non-safety values. Construction accidents 
are often associated with substantial negative impacts on project outcomes and can consume as much 
as 15% of the total cost of construction projects (Everett & Frank, 1996). Accordingly, elimination of 
23 
 
hazards from the jobsite and reduction of accidents generate numerous benefits to stakeholders, 
especially construction contractors. By demonstrating a high level of safety maturity, Company #1 
was able to offer the least total GM/GC fee, improving its ability to compete against other companies. 
Although proactive construction contractors may initially invest more human and capital resources on 
their projects, these expenses are usually offset by later benefits. This return on investment is perhaps 
one reason why the alternative with the greatest CBA safety maturity score (Company #1) is also the 
most affordable alternative in this particular case study example.  
Remarkably, it is observed that the alternative with the paramount advantage (Company #2) 
is not the most preferred alternative in this particular case study. This finding is derived from the fact 
that CBA evaluation bases decisions on the aggregated IofAs of alternatives, rather than basing 
decisions only on the importance of attributes of alternatives which is proven to be unsound strategy 
(Arroyo et al, 2014; Suhr, 1999). Another interesting finding is that the best alternative in terms of 
the overall maturity, i.e., capability and competency, based on the owner’s evaluation also possesses 
the highest level of safety maturity (based on CBA evaluation), as shown in Table 3. This connection 
demonstrates a potential positive correlation between contractor overall maturity and safety 
maturity, confirming the interdependence among the identified safety maturity factors. 
Research Limitations  
The present study has its limitations in several respects. First, the identification of safety maturity 
factors and their indicators was, in part, based on the frequency of occurrence in research studies 
reported in literature. This frequency, while indicating awareness and potential connection of factors 
to safety maturity, does not necessarily reveal the level of importance or significance of the factors 
and their indicators in influencing contractor safety maturity. Second, the result of the CBA 
evaluation is only limited to the selected case study example and cannot be generalized beyond this 
case study. That is, it cannot be guaranteed that in other examples the alternative with the greatest 
safety maturity will also be the most cost-effective option. Third, CBA principles and techniques 
need to be learned and effectively used in order to achieve effective decisions. This learning curve may 
require extensive time and investment of various resources before effective decisions are merged. This 
is one reason why CBA implementation can be challenging during the inception phase of a project. 
Fourth, CBA is not applicable to every situation especially if there is a lack of data, or a single 
alternative. It should be mentioned, however, that the last two limitations are inherent limitations to the 
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implementation of CBA in the decision-making process and not necessarily limitations of this research 
study. While limitations as stated above relate to the research methods and CBA process, the 
researchers believe that the limitations do not significantly impact the results. The rigor associated 
with the integrative literature review, as well as the academic process employed in the many studies 
from which the factors and indicators were derived, increase confidence in the importance of the 
identified safety maturity factors and indicators. 
Conclusions 
The number of occupational fatal and non-fatal injuries within the construction industry remains 
alarming. Keeping unsafe constructors off the jobsite can be an effective strategy to reduce the 
occurrence of construction accidents. In order to award construction contracts to safe contractors, a 
comprehensive evaluation of contractor safety maturity should be performed. However, a review of 
literature indicates that previous studies did not identify potential factors and indicators influencing 
safety maturity of construction contractors. The objective of this study is to propose a 
decision-making framework that can be used to evaluate safety maturity of construction contractors. 
First, an integrative review of literature was conducted to identify influential safety maturity factors 
and indicators. The result of the review revealed seven factors along with their indicators (shown in 
Table 1) that are likely to influence safety performance during construction. Then, a step-by-step 
demonstration to illustrate how to use a formal decision-making method to evaluate contractor 
safety maturity was performed using a selected case study project. The proposed framework utilizes 
the use of multiple factors and indicators reported to influence contractor safety performance. 
Historically, safety performance has been evaluated using a limited approach that solely considers 
leading and lagging indicators. Behm et al. (2014) criticized the construction industry’s reliance on 
this approach and argued that this approach may not accurately reflect the safety maturity of 
construction contractors. The proposed framework addresses this issue and includes consideration of 
multiple interdependent factors to assess safety maturity of construction contractors. That being said, 
future research should further validate that the identified safety maturity factors and their indicators 
are accurate measures to evaluate contractor safety maturity. Such validation can include the 
utilization of an expert panel consisting of academics and industry professionals specialized in safety 
management and workforce development.  
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